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GLOSSARY

Aquifer - A formation, group of formations, or part of a formation that
contains sufficient permeable material to yield significant quantities of
water to wells,

Artesian aquifer - An aquifer in which water levels in wells stand above
the top of the aquifer.

Confining bed - A body of relatively impermeable material separating
two aquifers.

Evapotranspiration - The process by which water is lost from the earth's
surface to the atmosphere by evaporation from surface-water bodies and
transpiration by plants.

Head - The altitude of a water level in a well tapping an aquifer.

Hydraulic conductivity - The volume of water that will move in unit time
under a unit hydraulic gradient through a unit area measured at right
angles to the direction of flow.

Hydraulic gradient - The change in water level in wells tapping an
aquifer per unit of distance in a given direction.

Specific capacity - The rate of discharge of water from a well divided by
the drawdown of water level in the well.

Specific yield - The ratio of (1) the volume of water which an aquifer
will yield by gravity to (2) the volume of the aquifer.

Storage coefficient - The volume of water an aquifer releases from or
takes into storage per unit surface area of the aquifer per unit change in
water levels in wells tapping the aquifer.

Transmissivity - The rate at which water is transmitted through a unit
width of the aquifer under a unit hydraulic gradient.

viii



IMPACT OF CHANGES IN LAND USE ON THE GROUND-WATER
SYSTEM IN THE SEQUIM-DUNGENESS PENINSULA,
CLALLAM COUNTY, WASHINGTON

By B. W. Drost

ABSTRACT

In the Sequim-Dungeness peninsula, Clallam County, Washington,
leakage from irrigation ditches is the most important source of
ground-water recharge. Possible future land-use changes could lead to
termination of the irrigation system. This would result in lower heads
throughout the ground-water system, that could lead to well failures,
increased pumping costs, seawater intrusion, and water-quality
degradation. A digital-computer model was developed to simulate
three-dimensional ground-water flow in aquifers underlying the peninsula
in order to assess the impact of termination of the irrigation system.
After 10-20 years of no irrigation, the model predicts that the water
level in the water-table aquifer would have average deeclines of about 20
feet, some areas would become completely unsaturated, several hundred
wells could go dry or nearly so, and leakage from the Dungeness River
would become the major source of ground-water recharge.

As of June 1980, ground-water quality in the study area has
apparently not been affected by the use of on-site domestic
sewage~-disposal systems. The median nitrate-plus-nitrite (as N) con-
centration in the water-table aquifer was 0.35 milligrams per liter, and
the maximum concentration was 2.5 milligrams per liter.



INTRODUCTION

Some of the oldest developed areas in western Washington are in
Clallam County, but in recent years the pattern of development has
undergone a dramatic change. Much of the land, especially in
northeastern Clallam County, that was originally used for irrigated
agriculture has been subdivided for residential use. This change in land
and water use has caused changes in the stresses on the ground-water
and surface-water systems. It has also increased the potential for
contamination of the ground-water system by the increased use of
on-site domestic sewage-disposal systems.

Purpose and Scope

In 1978, the U.S. Geological Survey, in cooperation with the State of
Washington Department of Ecology and the Board of Clallam County
Commissioners, began a study that would (1) make a general assessment
of the water resources of the developed areas of the county, (2) identify
present and potential water-resource problems in these areas, and (3)
make in-depth analyses of selected problem areas. The first two items
have been completed and documented in a forthcoming report by Drost.

This report deals exclusively with a selected problem area, the
Sequim-Dungeness peninsula (fig. 1). In the only previous investigation
of the ground-water resources of the study area, a reconnaissance-type
study conducted during July-September 1960 (Noble, 1960), Noble
concluded that, "An important secondary source of recharge (to the
ground-water system) is direetly from irrigation." This coneclusion
caused concern when land-use trends began to indicate a possible future
decrease in irrigation. A decrease in recharge would lead to lower heads
in the ground-water system, which could result in well failures, increased
pumping costs, seawater intrusion, and degradation of water quality.
The purpose of this study was to examine the effect of decreased
irrigation and increasing use of septic systems on aquifers underlying the
Sequim~Dungeness peninsula,

A computer model is wused in this report to simulate
three-dimensional ground-water flow in the aquifers and to estimate the
possible future effects on the ground-water system of possible changes in
land use and irrigation practices. The potential effects of these changes
on ground-water quality are also discussed.



Most of the data used in constructing the model were collected by
the U.S. Geological Survey, the State of Washington Department of
Ecology (WDOE), and the Clallam County Departments of Health and
Public Works, during the period September 1978 to September 1980.
These data include (1) monthly water-level measurements in about 65
wells, (2) daily staff-gage readings at 10 surface-water sites, (3) a
continuous record of discharge at one surface-water site, (4) monthly
discharge measurements at 20 surface-water sites, (5) surveyed
land-surface altitudes at about 75 sites, (6) drillers' records of about
1,400 wells, and (7) chemical analyses of about 170 ground- and
surface-water samples collected during the period June 16-19, 1980.
Most of these data are contained in a forthcoming report by Drost, and
the remainder are available in the files of the U.S. Geological Survey,
Tacoma, Washington. Additional data were obtained from a 1981 study
by N. P. Dion and S. S. Sumioka (U.S. Geological Survey), Dion and
Sumioka (1981), and from Grimstad and Carson (1981), Noble and Balmer
(1980), and Walters (1971).

Description of the Study Area

The Sequim-Dungeness peninsula is an area of about 60 square miles
in northwestern Washington (fig. 1). The peninsula extends into the
Strait of Juan de Fuca to the north and is bounded on the south by the
foothills of the Olympic Mountains.

The area has been extensively irrigated since about 1896 with water
from the Dungeness River, which originates in the mountains to the
south and flows through the middle of the area. Prior to irrigation, the
area was sparsely vegetated and was subject to dry and barren summers
(Keeting, 1976). As of 1960, the area was used primarily for agriculture,
and supported a population of about 5,000 people. In the mid-1960's, land
use in the area began shifting from agriculture to residential, resulting in
population increases to about 7,000 in 1970 and 12,000 in 1980.
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Numbering System for Wells

Wells in Washington are assigned numbers that identify their
location in a township, range, and section. Well number 30/4-17R2
indicates, successively, the township (T.30 N) and range (R.4 W.) north
and west of the Willamette base line and meridian; the letters indicating
north and west are omitted. The first number following the hyphen
indicates the section (17) within the township, and the letter following
the section gives the 40-acre subdivision of the section, as shown below.
The number following the letter is the serial number of the well within
the 40-acre subdivision.

T.

E F G H
30

M L K J
N.

N P Q R

Sfactmn 17 \30/4-17R2



HYDROGEOLOGY

Setting

The surficial sediments in the study area are mostly unconsolidated
glacial, alluvial, and glaciomarine deposits (Othberg and Palmer, 1980a,
b, and ¢). Mudstones, siltstones, and some sandstones are exposed at Bell
Hill, just south of the study area (Tabor and Cady, 1978), and probably
underlie the unconsolidated deposits beneath most of the study area.
The consolidated rocks, when compared (using specific-capacity data)
with the unconsolidated deposits, are impermeable and are treated as the
base of the ground-water system in parts of the study area.

The unconsolidated deposits were divided into geohydrologic units on
the basis of examination of more than 1,100 drillers' logs. Three aquifers
and two confining beds were identified and are shown in figure 2. The
aquifers are composed of sand and gravel, with some till, silt, and clay.
In the upland regions where it directly overlies bedrock, the water-table
aquifer is composed largely of till and clay, with minor amounts of sand
and gravel.

The water-table aquifer includes at least seven geologic units
identified by Othberg and Palmer (1980a, b, and c)—alluvium, older
alluvium, Everson glaciomarine drift, Everson sand, Vashon recessional
ice-contact and outwash deposits, Vashon till, and Vashon advance
outwash, all of Quaternary age. The artesian aquifers apparently are not
exposed in the study area, and were not described by Othberg and Palmer
(1980a, b, and c).

The confining beds are composed of clay, silt, and till, with minor
inclusions of sand in thin, discontinuous beds. The upper confining bed
may correspond, at least in part, to the pre-Vashon silts and clays of
Othberg and Palmer (1980e, b, and c), but the lower confining bed was
not deseribed in their report.

Data on the deeper unconsolidated materials were not sufficient to
allow identification of individual units. There is at least one more
aquifer within the deeper unconsolidated materials, and there may be
several more. The deeper unconsolidated materials are treated as the
base of the ground-water system in parts of the study area.
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Geometry of the Aquifers and Confining Beds

The water-table aquifer extends throughout the study area. The
altitude of the bottom of this aquifer was determined from drillers' logs,
and is shown in figure 3. The saturated thickness of the aquifer can be
calculated by using this figure along with the altitude of the water table
for March 1979 (fig. 4).

The upper confining bed underlies the water-table aquifer and
overlies the upper artesian unit. The confining bed varies in thickness
from about 1 foot to over 200 feet, but is between 25 and 75 feet thick
throughout much of the study area (fig. 5).

The upper artesian aquifer is present in only part of the study area
(fig. 6). Where present, its thickness ranges from a few feet to more
than 100 feet and averages about 75 feet. In the foothill region in the
southern part of the study area the upper artesian aquifer is absent and
the water-table aquifer directly overlies bedrock or the upper confining
bed. Only a few wells penetrate the entire thickness of the upper
artesian aquifer; therefore, figure 6 shows only an approximation of the
aquifer's actual thickness.

The lower confining bed is located between the upper and lower
artesian aquifers. Very few wells penetrate the entire thickess of the
confining bed. Figure 7 shows the approximate thickness of the bed.

The lower artesian aquifer covers a slightly smaller area than the
upper artesian aquifer. The thickness of the lower artesian aquifer was
not mapped because the existing data were insufficient.
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Ground-Water Recharge from Precipitation

Average annual precipitation at the Sequim weather station is 16.1
inches (1919-79) and in the study area probably ranges from about 14
inches along the northeastern shoreline to 30 inches along the southern
boundary. About 60 percent of the precipitation occurs from October to
February in most years.

Potential  evapotranspiration, calculated by a  modified
Blaney-Criddle technique (U.S. Department of Agriculture, 1970), is
nearly twice the average precipitation. At the Sequim weather station
the average annual potential evapotranspiration (1919-79) is 30.2 inches.
This value is probably representative of the entire study area.

Actual evapotranspiration can be estimated by applying an assumed
soil-moisture capacity (3 inches of water) to the monthly precipitation
and potential evapotranspiration values. At the Sequim weather station,
average annual evapotranspiration is 13.8 inches. Throughout the study
area, it probably ranges from 12.7 inches (l14-inches precipitation zone)
to 18.8 inches (30-inches precipitation zone).

When precipitation exeeds potential evapotranspiration and the
soil-moisture capacity is exceeded, the excess water is assumed to be
ground-water recharge, because direct runoff is believed to be
insignificant in the study area. Calculated average annual ground-water
recharge ranges from 1.3 inches (14-inch precipitation zone) to about
11.2 inches (30-inch precipitation zone) and is 2.3 inches at the Sequim
weather station.

Figure 8 shows the distribution of the calculated average annual
ground-water recharge from precipitation. The zones are based on
precipitation distribution calculated by the U.S. Weather Bureau (1965).
The average recharge rate_ from precipitation to the study area was
calculated to be about 15 ft3/s.

All weather data used in the above calculations are from U.S.

Weather Bureau (1920-65), U.S. Department of Commerce (1965-73), or
U.S. National Oceanic and Atmospheric Administration (1974-79).

14
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Ground-Water Recharge from Irrigation Systems

Large quantities of water are continuously diverted from the
Dungeness River. The water flows through a complex system of
irrigation ditches belonging to nine irrigation companies and districts
established between 1895 and 1921. The major ditches and their
relationship to the area's surface-water system are shown in figure 9.
There are also several times as many miles of secondary ditches and
laterals that are not shown in figure 9. The water is used primarily for
irrigation, but also for stock supply and fire protection in some areas,
requiring year-round flow in most of the major ditches.

Water is also diverted from McDonald Creek by the Agnew
Irrigation District at rates of about 20 ft3/s during the irrigation
season and about 5 ft3/s during the nonirrigation season. Prior to this
study, systematic discharge measurements had never been taken on the
irrigation system. The average irrigation diversion from the Dungeness
River during September 1978-August 1980 was about 67 ft3/s (table
1). Average diversion was 100 ft3/s during  the irrigation season,
April-September, and about 33 ft3/s during the rest of the year.

The effect of ground-water recharge from irrigation systems can be
observed in the relationship between flows in the irrigation ditches and
water levels in the water-table aquifer. An example is given in figure
10, which shows the flow in the Independent Irrigation Ditch compared
with the water level in well 30/3-19D1. (The well is 49 feet deep and
within 100 feet of the ditch.)

An estimate of ground-water recharge from irrigation systems was
made using the diversion data for the Dungeness River (table 1) and
MecDonald Creek, estimates of tail waters (water returned from ditches
to surface-water bodies), and estimates of evapotranspiration. ThlS
resulted in an average rate of ground-water recharge of 70 ft 3/s.
Figure 11 shows the relationship between estimated recharge and
changes in water levels in the water-table aquifer during September
1978-September 1980. Water levels in the water-table aquifer show a
definite response to increases in recharge from irrigation. Wells in the
foothills, where irrigation systems have little or no effect, appear to
respond primarily to increases in recharge from precipitation.

16



TABLE 1.--Irrigation diversions from the Dungeness River, September 1978-August 1980

Diversions from the Dungeness River, in cubic feet per second

Irrigation district or company
c Total Dungeness
n > 4 2 . @ - i
Month e 3 £ © 2 T |E2 2o |irrigation River
o Q 3 ® @ g e © 33 8= ) ' above
g 5 g = = 2 2 5 [8&¢g g .diversion |gjyersions?
ac° < o o 5 £ T a
1978
Sept. 11 13 8.7 9.5 2.3 11 10 10e 76 340
Oct. 4.0 9.9 3.4 3.8 0 4.8 8.3 9.8 44 150
Nov. 3.9 6.3 5.7 5.1 0 5.4 8.5 9.1 44 190
Dec. 1.8 5.6 3.2 2.6 0 2.9 6.3 8.6 31 140
1979
Jan. 2.1 5.2 2.1 2.2 0 10 7€ 8.4 37 74
Feb. 4.0 1.5 0 3.2 0 6.4 7.3 9.1 32 180
Mar. 3.4 .93 0 2.7 0 4.4 11 7.1 30 350
Apr. 8.3 .08 2.7 6.2 6 7.6 12 8.4 47 220
May 18 6.4 16 15 5.9 15 21 29 130 500
June 20 18 16 16 5.3 16 25 34 150 460
July 17 19 14 13 4.3 15. 24 34 140 300
Aug. 8.4 19 6.1 7.9 4.4 15 19 30 110 160
Sept. 8.3 11 7.0 7.0 3.3 9.9 15 15 76 170
Oct. 6.2 10 5.1 4.0 .72 5.9 7.4 12 51 240
Nov 4.8 8.9 4.8 4.0 .94 2.2 7.5 15 48 170
Dec. 3.7 3.2 3.2 3.8 0 2.5 6.6 10 33 1,000
1980
Jan. 1.3 1.7 1.5 3.0 0 0 7.2 2.9 18 420
Feb. 1.9 .91 0 1.8 0 1.1 7.4 2.1 15 520
Mar. 2.1 0 0 1.8 0 3.1 6.6 1.6 15 400
Apr. 5.2 5.0 3.0 5.0 1.9 7.8 7.6 22 58 480
May 15 12 13 12 3.4 13 12 29 110 600
June 12 13 7.8 7.8 2.5 9.8 12 17 82 740
July 13 15 10 12 2.5 9.3 14 20 96 550
Aug. 15 19 8.2 12 4.7 13 18 34 120 270
Maximum 20 19 16 16 5.9 16 25 34 150 1,000
Minimum 1.3 0 0 1.8 0 0 6.3 1.6 15 74
Mean 7.9 8.5 5.9 6.7 1.8 8.0 12 16 67 360
€Estimated

1ysGS station number 12048000, Dungeness River near Sequim, Washington,

1.0 mile upstream from Canyon Creek.
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FIGURE 9.--Irrigation districts and major irrigation ditches.
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FIGURE 10.--Flow in the Independent Irrigation Ditch and water levels
in well 30/3-19D1, September 1978-September 1980.
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FIGURE 1l.--Estimated irrigation and precipitation recharges and
changes in water levels in the water-table aquifer.
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Ground-Water Movement

General ground-water flow directions can be inferred from figure 4,
which shows the configuration of the water table for March 1979.
Ground-water movement is perpendicular to the water-table contours
shown in figure 4. Although the altitude of the water table changes
seasonally, the general pattern of flow remains generally constant.

In addition to lateral flow, there is also vertical flow in the
ground-water system. Vertical flow occurs between aquifers through the
confining beds. Figure 12 shows the general vertical flow directions in
the study area. The diagram assumes that the relatively small amount of
flow into and out of the bedrock and the undifferentiated unconsolidated
deposits does not significantly affect the flow system.

RN ¥ T

Hydraulic Characteristics of the Aquifers

Knowledge of the hydraulic characteristics of the aquifers and
confining beds is necessary in order to evaluate stresses on the
ground-water flow system. These characteristics include hydraulic
conductivity, transmissivity, specific yield, storage coefficient, and
hydraulic connection between streams and the water-table aquifer.

Lateral Hydraulic Conductivity

Values of lateral hydraulic conductivity (fig. 13) were estimated for
the water-table aquifer from specific-capacity data. The data were first
adjusted, using the Jacob method (in Bentall, 1963), to account for
partial penetration. Then transmissivity values were calculated using
the Theis method (in Bentall, 1963). Transmissivity values were divided
by saturated thickness to obtain values of lateral hydraulic conductivity.

These values of lateral hydraulic conductivity (calculated for about
500 wells) were plotted on a map of the area, and zones of lateral
hydraulic conductivity were outlined. Within each zone, lateral
hydraulic conductivity was made equal to the median of all the values in
the zone.
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EXPLANATION

Median hydraulic Number of hydraulic
conductivity, in conductivity values

feet per day in zone D
21— 46 | /
2.6 24 :
5.0 7 /(/ ?// , o 1 2 3 MILES
12 22 — / 10 e - p—
15 51 / \/j 0 1 2 G 4 KILOMETERS
22 12 ; (
36 11
37 28
38 36
52 6
140 59
170 ——————T— 121
410 ———— 62
3,"’ \b

Foory aeqts

B R e SN

SO

t
15’ 10° 123%05°

FIGURE 13.--Hydraulic conductivity in the water-table aquifer.
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Transmissivity

Values of transmissivity were estimated for the upper artesian
aquifer from specific-capacity data, and are shown in figure 14. The
data were first adjusted, using the Jacob method (in Bentall, 1963), to
account for partial penetration. Then transmissivity values were
calculated using the Brown method (in Bentall, 1963).

The values of transmissivity (calculated for 46 sites in the upper
artesian aquifer) were plotted on a map of the area, and zones of
transmissivity were outlined. Within each zone, transmissivity was made
equal to the median of all the values in the zone.

Data were available for only three sites in the lower artesian
aquifer. The three transmissivity values were of the same order of
magnitude as the respective transmissivity zones outlined in the upper
artesian aquifer. Therefore, the transmissivity distribution in the lower
artesian aquifer was assumed to be approximately the same as the upper
artesian aquifer.

Specific Yield

The specific yield of the water-table aquifer was determined by
using measured water-level changes from mid-March to mid-July 1979
(fig. 15). The change in volume of saturated material represented in the
figure is an increase of 1,400 million ft3.

Average inflow to the aquifer was estimated to be 95 ft3/s from
mid-March to mid-July 1979. Estimated outflow for the same period was
about 80 ft3/s. The difference in inflow and outflow resulted in an
increase of 170 million ft3 of water stored in the water-table aquifer.

The change in the volume of water stored, divided by the change in

the volume of saturated material, indicated the average specific yield to
be 12 p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>